id revealed macrophages containing numerous intracytoplasmic, oval organisms 1.3-1.9 x 1.640 µm in size. A well-developed nucleus, mitochondria, and distinct capsule were present ( Fig. 3 ). An apical complex was not present, ruling out apicomplexans such as Toxoplasma and Neospora. A kinetoplast and flagellum were also not present, ruling out kinetoplastids such as Leishmania and Trypanozoma cruzi. Based on their size, shape, capsule, and absence of the structures characteristic of protozoan parasites, the organisms were identified as yeasts. Their size and structure were most suggestive of Histoplasma capsulatum or a related fungus. oratories, Ames, Iowa, where histopathologic and ultrastructural characteristics of the organisms were also determined Tissues were sent to the National Veterinary Services Lab-of the disease. However, the necropsy findings were not characteristic of the classical form of disseminated histoplasmosis wherein the liver and spleen are swollen and discolored due to massive infiltration of infected mononuclear cells. 7.10 Because the granulomas in the liver were mineralized and fibrotic and organisms were not present within them, they were interpreted to be chronic and not associated with the active pulmonary infection. This is most likely a case of primary pulmonary histoplasmosis with occasional escape of infected macrophages into the circulation.
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to be most characteristic of H. capsulatum. Culture of the organism was attempted on Sabourud dextrose agar and potato dextrose agar, but H. capsulatum was not isolated. Candida glabrata was isolated and identified with an API 20C test strip; however, this organism was regarded to be a contaminant. Candida glabrata can be confused histologically with H. capsulatum, but the visible capsules on the organisms were not typical of C. glabrata. 5 Because the organism failed to grow in culture, tissue sections and serum from the llama were sent for testing to the Centers for Disease Control in Atlanta, Georgia. Immunodiffusion tests of the serum indicated it to contain the H and the M precipitins of H. capsulatum. Both of these precipitins are specific indicators of Histoplasma capsulatum infection, and presence of the H precipitin is particularly indicative of active infection. 8 Fluorescent antibody testing of tissues was positive for H. capsulatum and negative for Candida glabrata.
To our knowledge this is the first reported case of histoplasmosis in a llama. Llamas were not included in a recent study documenting the incidence of histoplasmosis based on skin reactivity to histoplasmin in captive wild animals in Sao Paulo, Brazil. 2 The presence of isolated yeast-laden macrophages in the splenic pulp suggested terminal dissemination Twinning occurs in approximately 2-10% of pregnancies twin fetuses may join, enabling interchange of hematopoietic in cattle. In more than 90% of these twinnings there is cho-stem cells. The resulting hematopoietic chimeras exhibit riovascular anastomosis between nonidentical twins, which common erythrocyte and leukocyte product genotypes. 2 The results in a common circulation. During the second month detection of extensive leukochimerism in dizygotic bovine of a bovine gestation, the chorioallantoic blood vessels of the twins by DNA fingerprinting has been described. 5 Another study reported detecting polymorphisms resulting in false From the Metabolic Diseases and Immunology Research Unit, genotypes in the bovine ß-and K-casein genes, when blood National Animal Disease Center, USDA-ARS Ames, IA 50010. was the source of DNA. 4 It was stated that this problem could Received for publication February 6, 1995. be overcome when milk or semen was used to retest an individual. However, since most cells in milk that could provide a source of DNA are leukocytes derived from blood, the potential for false genotypes still exists for nonidentical twins if the leukochimerism persists through the age a cow lactates.
Recognition of leukochimerism during genotyping for bovine leukocyte adhesion deficiency (BLAD) by polymerase-chain-reaction-amplified DNA extracted from blood
Easily obtainable sources of DNA at a young age for genotype screening are important when breeders are attempting to eliminate undesirable genotypes from a population of animals. Among the most easily obtainable sources of DNA are blood (perhaps the most widely used) and hair follicles. Bovine leukocyte adhesion deficiency (BLAD) is an autosomal recessive, lethal, genetic condition recently reported in Holstein cattle. 6 This genetic condition is caused by a point mutation resulting in an amino acid substitution (an aspartic acid replaced by a glycine) at position 128 (D128G) of the CD18 protein expressed exclusively on leukocytes. The CD18 protein is an integral component of a family of leukocyte adhesion molecules required for leukocyte mobilization from the bloodstream into tissues. This glycine substitution of an aspartic acid residue in CD18 of cattle afflicted with BLAD somehow alters the intracellular processing or function of the CD18 protein.
The dairy industry around the world has been BLAD testing virtually all bulls used for artificial insemination of Holstein cows since 1991. To assure the most economical and rapid elimination of such a genetic condition, the artificial insemination organizations have engaged in genotyping young bulls for BLAD using blood-derived DNA samples taken shortly after birth. Early detection of heterozygotic carriers of undesirable traits saves the dairy industry the time and money invested in raising the bulls through puberty when semen becomes available. Since blood samples are a common and convenient source of DNA for genetic testing, the shared leukocyte genotypes in dizygotic bovine twins present the opportunity for false genotyping. This study presents the identification of bovine leukochimeras by use of the polymerase chain reaction (PCR) using the detection assay for BLAD. This condition was encountered during normal genetic screening of several thousand cattle for carriers of the D128G allele for bovine CD18.
Blood and skin samples were obtained from a pair of nonidentical 9-month-old Holstein twins. A blood sample from the bull co-twin had been originally submitted to the Metabolic Diseases and Immunology Research Unit, National Animal Disease Center, USDA-ARS, Ames, Iowa, for establishing the CD18 genotype for the presence of the allele responsible for BLAD. The heifer co-twin was presumed by the owner to be a freemartin and was being raised in a feedlot for slaughter.
DNA was isolated from blood by hypotonic cell lysis and heat treatment at elevated pH levels. Cells were lysed by gentle vortexing with 3 volumes of a cold hypotonic pHbuffered water (10.6 mM Na 2 HPO 4 , 2.7 mM NaH 2 PO 4 , pH 7.2) followed by centrifugation with a microcentrifuge. After 2 lysis cycles the cell pellet was washed with phosphatebuffered saline (PBS) solution (pH 7.2) and resuspended in 0.1 N NaOH/2 M NaCl(10 µl for every 250 µl blood). Samples were then incubated at 95 C for 2 minutes.
Skin samples were rinsed with deionized water, minced, then vortexed in PBS. After 2 washes, the cell pellet was immersed in digestion buffer (100 nM NaCl, 10 mM Tris, 25 mM EDTA, 0.5% SDS, pH 8.0) containing 0.5 mg proteinase K/ml and incubated at 39 C for 3 hours. Proteinase K was inactivated by heating the sample at 95 C for 10 minutes.
The genotype for CD 18 was established using an amplified DNA fragment derived from the alleles for CD 18 present in the tissues of each animal as described. 6 The amplification product was divided into two tubes and digested with the restriction endonucleases Hae III and Taq I. DNA derived from the normal allele is cut with Taq I, resulting in 24-and 34-bp fragments. The amplification product from the defective allele is digested with Hae III, yielding 8-, 19-, and 31bp fragments. Regardless of genotype, Hae III yields an 8-bp fragment from the 5' end of the 58-bp amplified product from both defective and normal alleles due to a Hae III restriction site common to both alleles. The PCR amplification products were separately digested with either 4 units of Hae III or Taq I endonuclease at 37 C and 65 C, respectively, for 1.5 hours. Digestion products were visualized by ethidium bromide staining of DNA bands electrophoresed in a 4% agarose gel. The 8-bp fragment generated from the Hae III digestion of the amplified product is not visible on the agarose gel.
Initial PCR-restriction fragment length polymorphism (RFLP) analysis of DNA derived from leukocytes of the bull demonstrated an inverse ethidium bromide staining intensity of DNA bands when compared with over 1,000 other animals previously genotyped at the Metabolic Diseases and Immunology Unit for BLAD. The normal Hae III RFLP band pattern of a bovid heterozygous for the D128G CD18 allele demonstrates an intense 50-bp band of uncut DNA (indicating the presence of a single copy of the normal CD18 allele) and 2 less intensely staining bands of 31 and 19 bp (indicating the presence of a single copy of the D128G bovine CD18 allele). Other animals heterozygous for this allele that were tested simultaneously gave a normal band pattern and band intensity. Incomplete enzyme digestion or a technical problem in DNA extraction from the blood of the bull being genotyped was suspected. However, the band patterns were consistent over many repeated extractions and extended restriction endonuclease digestions (ruling out incomplete digestion as a confounding factor). Throughout this effort our blanks (negative PCR controls) remained free of any bands.
A second blood sample from the bull was then requested, and the existence of an available female co-twin was discovered. Blood and skin biopsy specimens were then obtained from each co-twin for additional analyses. Figure 1 displays band patterns resulting from restriction enzyme digestion (Hae III or Taq I) of amplified DNA from the dizygotic twins in this report. Skin samples from the female and male yield band patterns representative of normal and carrier animals, respectively. The carrier male co-twin contains one defective and one normal allele. In contrast, when blood is used as the source of DNA, band patterns representing both female and male co-twins contain fragments suggestive of each animal being a heterozygotic genotype at the CD18 locus. A variation in the band intensities was the only indication of false genotyping, suggesting either DNA contamination or leukochimerism.
Due to the existence in dizygotic bovine twins of the leukochimeric condition, it is important to identify even slight aberrations in DNA polymorphism assays. The potential risk of false genotyping of cattle, and the expense to breeders, emphasizes the importance of this issue. This and previous reports of leukochimerism warrant against the exclusive use of blood samples for DNA typing when twinning is properly documented. The use of few elite bulls for artificial insemination of cows demands a financially optimal method of screening for and removing undesirable genetic traits. The advantages of blood leukocytes as a source of DNA include copius quantities of DNA, relatively little pain to the animal tested, availability at birth, and the ease of sample handling from the point of origin through DNA testing. Alternatives include skin biopsies, hair follicles, or semen from postpubescent bulls. Hair follicles are clearly feasible and the least traumatic to the animal, but the possibility of contaminating hair from pen mates of an animal exists and handling of hair follicles adds to the technical skill required for DNA tests.
A reported technical problem associated with DNA-PCR that might also explain the observation is the possibility of preferential amplification of different alleles. 7 Preferential amplification may be caused by many factors, including differential denaturation of alleles, sequence polymorphism under the primers, different-length alleles or stochastic fluctuation in allelic copy number in low amounts of target DNA. Preferential amplification does not appear to be a concern with the DNA-PCR-RFLP test for BLAD, however, since by design there is no sequence polymorphism under the primers, the alleles are of the same length, and there are several thousand copies of target DNA in the PCR. The region amplified by the primers is only 58 bp in length and differs by only one nucleoside (A vs. G) which is located between the two primers. As illustrated by the intensity of the band patterns ( Fig. 1) , the two alleles amplify in approximately equal proportion. Furthermore, the genotype difference between skin-derived DNA and leukocyte-derived DNA from the heifer co-twin clearly demonstrates leukochimerism as the cause of the band patterns being inverted in their staining intensity.
Breed associations have determined that it is important to eliminate the presence of genetic lethal conditions from populations of animals. The dairy cattle industry (which relies on artificial insemination of approximately 70% of its cows) affords the most striking example of how rapidly the use of DNA-PCR technologies can be applied with minimal negative impact on the available finite gene pool. Previous efforts to screen for a genetic defect in Australian Holstein cattle also used DNA-PCR technology (typically DNA extracted from blood). 3 Testing of animals for citrullinemia using blood leukocyte DNA led to the false genotyping of a few animals which were not originally known to be twins. Apparently, a certain percentage of live births (approximately 1 in 1,500 animals) involved a calf with a twin that died in utero and was resorbed during gestation or was never observed in the placental membranes (P. Healy, personal communication, 1992). These unidentified twins pose a potential delay to breed associations who desire to quickly eliminate genetic defects through DNA testing methods. A similar lack of a known co-twin has recently been reported in a parentage dispute involving a mare that was excluded as a parent based on blood-derived DNA. 1 Limitations of applying DNA-PCR for genotype identification include financial considerations as well as technical errors. If 1,499 out of 1,500 births are accurately recorded as twin or single births, then a test performed on bloodderived DNA would be 99.93% accurate. This level of accuracy should be acceptable provided twinning is documented where possible, and it offers the cattle industry the ability to test the DNA of calves shortly after birth, thus saving considerable expense associated with performing skin biopsies or waiting until semen is available from bulls that need to be tested. For cows, only an alternative source of DNA (such as skin) is a satisfactory solution to the potential leukochimerism condition causing a false genotype. As a practical solution, it would be prudent to establish the genotype of cattle for undesirable traits through 2 generations of cows and bulls used as parents of future sires.
Ovarian remnant syndrome in dogs and cats: 46 cases (1988-1992)

Doris M. Miller
Ovarian remnant syndrome (ORS) refers to the presence of functional ovarian tissue in a previously ovariohysterectomized animal. 2, 5 There are limited reports and data available on ORS in animals. 1, 2, 4, 5 In the bitch and queen, the animal is usually presented to the veterinarian because of the recurrent estrous cycles. The length of time from ovariohysterectomy (OHE) to return to estrus is variable, but one report indicated that the cycles should mimic normal estrous cycles in length. 4, 5 The purpose of the study reported here was to review all cases of ORS in order to compare history, breed, location, and histopathology results. A previous report indicated that the cause is always surgeon-related. 4 All cases from 1988 through 1992 submitted to the Athens Veterinary Diagnostic Laboratory with a history of returning to estrus following an ovariohysterectomy were reviewed. Data collected included submitting veterinarian, any history of previous surgery and by whom, age, breed, and clinical signs.
All samples had been submitted in buffered formalin, processed routinely, sectioned, and stained with hematoxylin and eosin (HE). All slides were re-examined by one pathologist. Submitting veterinarians were contacted when additional history was needed.
From 1988 through 1992, 46 ORS cases were submitted to the Athens Veterinary Diagnostic Laboratory. Table 1 summarizes the data by case. Table 2 summarizes the structures present. In 2 cases, only granulation tissue was found, but ovarian structures were present in the opposite site. Only one tissue contained a follicular structure large enough (12 mm) to be considered cystic. 1 Normal-appearing developing and atretic follicles were observed in 31 of the tissues.
More feline (29) than canine (17) cases were submitted, a situation which agrees with a previous report. 5 For the same time period there were 9,976 feline histopathology submissions and 42,401 canine histopathology submissions to the laboratory. In the review of the present cases, remnants were From the Athens Veterinary Diagnostic Laboratory, College of Veterinary Medicine, University of Georgia, Athens, GA 30602.
Received for publication May 23, 1994. more often found adjacent to the sites where either ovary had been previously removed (in 20 cases, both), rather than on the right side only (10 cases) as in other studies. 3, 4, 5 One previous report also found an equal number at either site, while another report found more remnants on the right side near the kidney. 3, 4, 5 In the present review when only unilateral ovarian tissues were found they were equally distributed. None of our cases indicated an abnormal location for the ovarian tissue such as in the mesentery. 4, 5 In human cases of ORS, there usually are complications associated with the initial surgery which are thought to possibly contribute to the occurrence of ORS. 2 In animals, there have been no reports of ORS associated difficult surgeries (overweight animals, pyometras, or salpingitis) but they have been associated with elective OHE. 3, 5 All the initial surgeries in our study were elective and considered routine/noncomplicated.
Several causes have been suggested for ORS, including dropping of ovarian tissue, improper clamp placement, and a small surgical incision. 4 Less than half of the cases in our report were from new graduates (received DVM degree less than 5 years previously). Some cases may be due to the presence of an accessory ovary or of ovarian tissue that has extended into the ligament of the ovary, a situation which has been reported in cats, cows, and women. 1 Accessory ovaries can be small and have been reported to be located in the proper ligament of the ovary but separated by connective tissue from the normal ovary. 1 If the normal ovary is removed, the accessory ovary may become functional. 1 The ovarian remnants remaining in the bitch and queen can continue to cycle even without the presence of the uterus. Therefore, removal of the remnants during estrus or diestrus is recommended because enlarged ovarian structures (follicles or corpora lutea) make the remnants more easily identifiable. 3, 5 Neither the age at which the animal was spayed nor its breed appear to be significant. However, we did not see the syndrome in animals spayed at younger than 4 months. All but 1 of the cats were DSH/DLH rather than purebred. We were unable to access the part that the size of the surgical
